Introduction
Carotid endarterectomy is a surgical procedure which aims at preventing stroke and improving cerebral blood flow in patients with stenosis of the carotid artery. Atherosclerotic narrowing usually develops at the bifurcation in the neck. It may cause stroke through embolization to brain arteries by degraded material, platelet aggregates or coagulated blood. More rarely ischaemic brain injury occurs through reduction of the blood flow in individuals with an insufficient cerebral collateral supply.
Carotid surgery was introduced during the early 1950s in the USA,1-4 where the procedure also became most widely used, particularly from 1970 to 1985, when the annual incidence of carotid endarterectomies increased eight fold> (Table 1) . From 1985 onwards the frequency of operations .dropped, probably as a consequence of some critical reports on cerebrovascular surgery. [6] [7] [8] In most other countries the technique has been used less enthusiasticallys- [9] [10] [11] [12] [13] (Table 2 ).
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Until recently, there were few randomized controlled trials to investigate the efficacy and safety of carotid endarterectomy (Table 3) . Neither trials on patients with carotid stenosis and preceding transient or mild neurological deficit, nor trials on patients with asymptomatic stenosis, had proved any prophylactic effect of surgery .14-- 16 One reason for these negative results may have been that too few patients were included to provide a chance of showing a statistically significant difference between the operated groups and controls.
Many neurologists and internists were therefore reluctant to refer patients for carotid endarterectomy because of the uncertain benefit and obvious risks of the procedure; patients who had experienced transient neurological symptoms occasionally returned with a severe neurological deficit as a result of complications following the operation.
As a consequence of different attitudes of neurologists and vascular surgeons in Great Britain regarding carotid endarterectomy, a randomized controlled trial was initiated there in 1981, comparing the effect of a policy of immediate carotid endarterectomy after the diagnosis of symptomatic stenosis with one Table3 Carotid surgery: randomized controlled trials Reproduced with kind consent of professor David Bergqvist.
Reproduced with kind consent of professor David Bergqvist. The bifurcation of the carotid artery in the neck and the first part of the internal carotid artery are frequent sites of atherosclerosis. The division of blood flow from one large artery to two smaller vessels, the pulsatility of the blood flow, the dilation of the first part of the internal carotid artery and the difference in flow resistance between the external and the internal carotid arteries contribute to turbulent flow patterns, especially in the posteriolateral wall of the proximal internal carotid artery where the fusiform dilation is located.P It is generally in this region that the first manifestations of atherosclerotic plaques are found. With increased thickness and confluence with surrounding plaques, the disease process will extend into and narrow the arterial lumen. The endothelial surface, which initially covers the plaque formation, may rupture and stimulate platelets to adhere and aggregate in the ulcer. Blood may then coagulate on the surface of the damaged arterial wall. Fragments of platelet aggregates, coagulum and fibrotic material may be torn off from the plaque and follow the blood stream to a distal brain artery where they may cause occlusion and ischaemic brain damage ( Figure  1 ).
Age, hypertension, cigarette smoking, diabetes and indications of vascular disease such as left ventricular hypertrophy, major electrocardiographic abnormality, bruits and history of heart disease or stroke are associated with the development of carotid atherosclerosis.P-e-Cigarette smoking and peripheral vascular disease have been the only risk factors demonstrated to be associated with progression of extracranial atherosclerosis (carotid and vertebral artery manifestations). 25 Carotid stenosis with a diameter reduction of 40-50% or more has been found in about 6% of persons investigated by ultrasound in several population studies;17,18,26--31 1-3% had a degree of stenosis of 75-80% or more. These ultrasound studies have included more than 6000 persons of different age groups, although those over 65 years predominated. The incidence of carotid atherosclerosis under the age of 40 is low.
In about 25% of asymptomatic carotid stenoses diagnosed by ultrasound in two studies, 25, 32 Causes and risks of atherosclerotic stenosis of the carotid artery 20 the degree of stenosis increased during a followup period of about two years. In one of these studies,25 progression of the atherosclerotic manifestations were correlated with continued smoking during follow-up, as well as with an increased risk for stroke. Patients with a history of a recent transient ischaemic attack, minor ischaemic stroke or transient monocular blindness (amaurosis fugax) and a carotid stenosis of 70-99% carry a substantial risk for a future ipsilateral stroke. This risk was 17% during a follow-up period of three years in the European Carotid Surgery Trial (ECST)l? and 26% during a follow-up period of two years in the North American Symptomatic Carotid Endarterectomy Trial (NASCET).18
Safety aspects of carotid surgery
After temporary inhibition of the blood flow by the use of vessel loops around the common external and internal carotid arteries, the artery is opened as demonstrated in Figure 2 . Shunts are used particularly if the blood pressure in the distal part of the internal carotid artery is lower than 50 mmHg, but some surgeons use shunts regularly. The atherosclerotic material is separated from the arterial wall and removed and the area is carefully cleaned to remove possible embolic material. To reduce risks of restenosis, many surgeons close the arteriotomy with a patch, either synthetic or from a vein.
The manipulation of the atheromatous carotid stenosis, the opening of the artery, the application of a shunt and the removal of the diseased inner artery wall involves a substantial risk of inducing embolism to the brain with a subsequent brain infarct. Peroperative hypotension
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Common carotid -t -artery Figure2 Carotid endarterectomy: the incisionline is along the carotidbifurcationin the neck may also cause ischaemic injury to sensitive parts of the brain, e.g. borderzones of previous cerebral infarcts. Less severe complications, often transient, such as cranial nerve injuries, may occur.P The incidence of peri operative morbidity, defined as stroke or death within 30 days of surgery, was 7.5% in ECSTl7 and 5.5% in NASCET18 for patients with a symptomatic 70-99% carotid stenosis. About half of these were disabling or fatal. Varying incidences of perioperative mortality (0.5-6.3%) and morbidity (1.4-9.0%) have been reported. 34 ,35 Because carotid endarterectomy is a prophylactic operation, the incidence of perioperative events should also be related to the number of strokes prevented by surgery. In ECST, the reduction of ipsilateral strokes by a successful operation was 14.0% (16.8-2.8%), in NASCET 22.5% (26.0-3.5%). Consequently, the risk:benefit ratio, or the number of strokes caused by the operation related to the number of strokes prevented, was 54% and 24%, respectively.
This may be compared with other prophylactic treatments such as aspirin and warfarin. In the Swedish Aspirin Low Dose Trial (SALT),36 the absolute risk reduction (intracranial haemorrhages excluded) was 5.6%; the difference between treatments and control groups in the incidence of intracranial haemorrhage or other severe adverse events was 1.9%, resulting in a risk:benefit of 34%. In the Boston Area Anticoagulation Trial for Atrial Fibrillation (BAATAF)37 the absolute risk reduction between warfarin-treated patients and controls was 5.3%; the difference in incidence of major haemorrhages was 0.5%, resulting in a risk:benefit ratio of 9%.
A perioperative morbidity and mortality of 14% and 6% respectively, would probably cause as many events as were prevented, a risk: benefit relation definitely unacceptable by everyone involved. Independent monitoring of peri operative events and further efforts to reduce operation risks are consequently of utmost importance.
Not surprisingly, one factor which seems to be important for the safety of carotid endarterectomy is the level of experience of the surgeon and the assisting staff. Leape et al. 38 stated that a volume of 10 operations per year is insufficient for the maintenance of acceptable safety levels. Brott and Thalinger-? noted a significant difference in postoperative stroke and deaths between those who performed more or less than 20 endarterectomies per year (p < 0.01).
Fode et al. 40 analysed retrospectively data from 3328 operations from 46 clinics. Hospitals with more than 700 beds had a significantly lower incidence of perioperative stroke and deaths than other hospitals (p < 0.005). Richardson and Mairr'! found in a study of patients from Kentucky during 1983-1984 that surgeons who operated on fewer than three patients per year had significantly higher perioperative stroke incidence (6.1 %) than those who operated on more than 12 per year (2.3%). If all kinds of complications were included (e.g. cranial nerve dysfunction), surgeons who operated on fewer than three patients per year noted complications in 26.8%, in contrast to 11.5% for more experienced colleagues (p < 0.001). Rubin et al. 42 reported in 1988 results from a review of 8535 operations performed at 44 hospitals by 51 members of the Cleveland Vascular Society between 1973 and 1985. Those who operated on fewer than stroke incidence (3.4%) than those who operated on more (1.7%; p < 0.0001). Edwards et a/. 43 have demonstrated from an analysis of all carotid surgery cases in Tennessee between 1979and 1988 that perioperative morbidity and costs may be reduced by an increased operation volume per surgeon.
It is obvious that carotid endarterectomies should be performed by experienced surg~ons at major centres. It is also important that patients who are referred for possible surgery are those who would otherwise suffer a substantial risk for recurrent stroke, i.e. the benefit of the operation in terms of potential stroke risk reduction must far outweigh the complication risk. The diagnosis, management and follow-up of these patients should be in the hands of an experienced team of collaborators from several disciplines, such as, neurology, vascular medicine/cardiology, radiology and untrasonography, as well as vascular surgeons.
An ad hoc committee of the Stroke Council of the American Heart Association suggested in a statement in Straker' in 1989 some upper limits of morbidity and mortality associated with carotid surgery that should prompt individual peer review, based on data available at that time. For asymptomatic carotid stenosis, i.e. absence of classical hemispheric symptoms referrable to the carotid artery lesion (symptoms such as dizziness were regarded as falling into the category), a limit of < 3% combined morbidity and mortality was recommended; for transient ischaemic attacks referrable to the carotid artery a figure of < 5% was suggested, for ischaemic stroke < 7% and for recurrent carotid disease in the same artery after endarterectomy < 10%. The Safety monitoring should be organized at each centre by a non-operating member of the collaborating team as well as at a regional or national level. 
Diagnosis of carotid stenosis

Angiography
Angiography is the traditional method of diagnosing carotid stenosis ( Figure 3 ). This examination may be performed as arch angiography, i.e. by injection of contrast through a catheter into the aortic arch, from which the arteries to the head originate, or as selective carotid artery angiography, by injection of contrast into the common carotid artery. The selective examination results in a higher quality of picture, because the density of contrast solution in the carotid artery becomes higher; this method also provides more reliable information on the intracranial circulation. On the other hand, the risk for complications is higher with selective compared with arch angiography, and arch angiography frequently provides sufficient information to decide about the indications for surgery.
From a detailed retrospective investigation of all cerebral angiographies at Karolinska Hospital during a lO-year period.s> only one fatal case and six cases with remaining neurological deficit were found out of a total of 3,730 examinations (0.2%). There were no complications related to aortic arch angiography (n =214).
A review of Hankey et al. 46 of eight prospective and seven retrospective studies, from which it was possible to derive the complication rate of conventional cerebral angiography for patients with mild carotid disease, indicated permanent neurological deficit in 1% and a very low mortality « 0.1 %).
The total risk of neurological events following angiography in patients with transient ischaemic attack and stroke was as high as 4%.
Angiographic complications should be included in the balance of risk versus benefit of carotid endarterectomy in that the examination is performed mainly for the purposes of determining if an operation is necessary.
Gradation of carotid stenosis
The degree of carotid stenosis is generally calculated from the angiogram, as percentage reduction of the arterial diameter ( Figure 4 ). The remaining diameter (a), may vary depending on projection, as demonstrated by the cross-section and its determinator; the projection showing the narrowest diameter is used.
Logically, percentage reduction of the arterial diameter involves a comparison of the remaining lumen (a) with the normal arterial width at the same place (b). This is problematic, however, because the normal arterial configuration is not visible on the angiogram. In ECST17 the normal artery wall was estimated on the angiogram.
In contrast to the European study's use of a 'relevant but inaccurate' method for determining the degree of carotid stenosis, NASCET18 selected an 'irrelevant but accurate' method, in which the remaining lumen was related to the arterial width of the internal carotid artery, distal to the atherosclerotic plaque (c in Figure 4 ).
The angiographic examinations in ECST were all reviewed by the principal investigator, Professor C Warlow, who determined the degree of stenosis from the start of the trial. Later, all investigations were again independently reviewed by a radiologist and, importantly, the correlation between the findings of the examiners was very good.
With the definitions made in Figure 4 , the degree of reduction Because the normal arterial width distal to the plaque is narrower than at the dilated proximal part of the internal carotid artery, the definition used by NASCET will always underestimate the 'relevant' value. The relation between the values band c in Figure 4 varies individually and with the level at which b is being measured. If the ratio db is estimated to be 0.7, the following relation between the degree of stenosis using the two different methods would be (American/European:) 30/51, 40/58, 50/65,60/72,70179,80/86,90/93,99/99. Figure 5 illustrates the relation between the methods used by NASCET and by ECST for estimated db ratios of 0.6,0.7 and 0.8. It should be noted, how~ver, that for very tight stenoses, less contrast Will be able to pass to the distal part of the artery and c will falsely appear even narrower.
Ultrasound
Since the early 1980s, the possibility of diagnosing atherosclerotic lesions in the carotid bifurcation has improved enormously, as a consequence of further development of Doppler ultrasound equipment. 47 -49 By determining the increase in flow velocity through the diseased artery, it is possible to calculate the degree of stenosis. The development of combined pulsed Doppler and two-dimensional echo image techniques (duplex) also provides morphological pictures of the carotid bifurcation.w-u The current quality of these images is such that many of those involved in the diagnosis of potential carotid surgery patients consider it possible to rely solely on the information from ultrasound. Figure 6 illustrates a duplex scan of a normal carotid bifurcation, and in Figure 7 a duplex scan of a marked stenosis in the proximal part of the internal carotid artery is shown.
Colour-coded duplex techniques, which are now in common use, allow morphological evaluation of the vessels as well as the registration of flow velocities in different arterial segments. The use of colour coding has made it easier for the examiner to identify the arteries and stenotic lesions.
Ultrasound provides a more appropriate tool for carotid diagnosis, since change in flow velocity is related to the remaining cross-sectional area, a more consistent measure than the reduction in arterial diameter. Another important advantage is that ultrasound is non-invasive and without risks .
Most trials presented have been based on angiographic gradation of the degree of stenosis, which means that this information must be correlated with flow velocities recorded by ultrasound. Flow velocities that correspond to 70% stenosis confirmed by angiography have to be identified by each laboratory involved in the final evaluation of whether or not surgery is indicated. Such studies are ongoing at several centres . A limited group of patients have been studied in Stockholm, for which a maximal systolic flow velocity of about 2.5 m/sec has been found to correspond to a 70% stenosis.S
Magnetic resonance angiography
The development of magnetic resonance (MR) angiography for diagnosis of carotid artery atherosclerosis (Figure 8 ) is promising and the quality of the pictures improving. 53 The imaging of the bifurcation area, however, to some extent still suffers from the sensitivity of the MR technique to flow turbulence. MR angiography provides morphological information as well as a determination of the blood flow velocity through different arterial segments and may become an alternative to conventional angiography and ultrasound. In general, MR angiography is more expensive than duplex ultrasound but cheaper than conventional angiography. 
Randomized trials on carotid endarterectomy in patients with symptomatic stenosis
Until 1990 only two randomized clinical trials were dedicated to carotid endarterectomy in patients with symptomatic stenosis. 14.15 Neither of these was conclusive because the sample sizes were too small (316 and 41 patients, respectively). In February 1991, however, interim reports were presented . from ECST17 and NASCET18 including results from 1811 patients with severe (70-99%) and mild (0-29%) symptomatic carotid stenosis. For patients with moderate (30-69%) stenosis both studies decided to continue to include patients, because data for these patients were not yet conclusive. The follow-up of all patients continues, even those with severe and mild stenosis.
ECST was initiated in Great Britian in 1981
as a result of a discussion on benefits and risks of carotid surgery. Neurologists and surgeons at each participating centre, agreed upon which patients they thought would definitely not benefit or definitely benefit from surgery. These patients were regarded as ineligible and were not included in the trial. It was decided that if the neurologists and surgeons were uncertain whether carotid endarterectomy was indicated for a patient or not, that patient was eligible and should be included in the trial and randomized to a policy of immediate carotid endarterectomy or no immediate surgery. Both patient groups were given the best available medical therapy. In one medical centre, for example, patients with symptomatic carotid stenosis of less than 50% were thought not to benefit from endarterectomy whereas those with more than 75% stenosis were thought to benefit. Both these groups were ineligible. Patients with 50-75% symtomatic stenosis were included in the trial, because the local investigators were uncertain whether they would benefit from the operation or not ('area of uncertainty').
In another centre only patients with a stenosis of less than 30% were ineligible and all with a stenosis of 30-99% where randomized. This arrangement made it possible to include a large number of centres in the trial, with widely different areas of uncertainty. This heterogeneity among a large number (80) of participating centres made it possible to include a substantial number of patients with mild (0-29%), moderate (30-69%) or severe (70-99%) stenosis. NASCET was initiated in 1988 with a similar design to that of the European study, although with some differences in the study protocol, which may have influenced the outcome as reflected in the interim reporttf from 1991. An overview of Table 5 Absolute risk reductions from carotid endarterectomy for some outcome events of the ECSTand NASCET studies* Carotid endarterectomy 253 some basic data from the two trials is given in Table 4 .
Qualitative results of ECST and NASCET
ECST and NASCET came to the same qualitative conclusion for patients with severe carotid disease: namely, carotid endarterectomy reduces the risk for future stroke (during a follow-up of two to three years) in patients with severe (70-99%) symptomatic carotid stenosis. ECST also concluded that carotid endarterectomy is of no benefit for patients with symptomatic mild carotid disease (0-29% stenosis). Another conclusion can be made from the results: severe carotid stenosis has definitely been shown to be a direct cause of stroke, not only indirectly correlated to the disease.
Quantitative results of ECST and NASCET
Although ECST and NASCET both demonstrated that carotid endarterectomy is beneficial for patients with severe symptomatic stenosis, it is obvious that this effect is more pronounced in NASCET ( Table 5 ). The absolute risk reduction for the most relevant outcome events, ipsilateral stroke, was 17.0% in the American study and 6.5% in the European, for major ipsilateral events with persistent neurological deficit 10.6% and 3.6%, respectively. For any stroke the absolute risk reduction was 9.6% in ECST and 15.0% in NASCET, for any major stroke 5.0% and 9.4%, respectively.
The differences in quantitative outcome in the two studies should be seen in the perspective of a higher risk for stroke among controls in NASCET, 26% for ipsilateral events during two years' followup in NASCET and 17% during about three years' follow-up in ECST. The absolute risk reduction of carotid endarterectomy seems to be related to the degree of stenosis, according to a subgroup analysis in NASCET. For control patients with 70-79%, 80-89% and 90-99% stenosis, the corresponding risk reductions were 12%, 18% and 26%.
Another way of illustrating absolute risk reductions is to calculate the number of operations that need to be done to prevent one stroke ( Table 6 ). For ECST ten operations were necessary to prevent one stroke, for NASCET seven. In order to prevent one ipsilateral event, ECST needed 15 operations and NASCET six. To prevent a major stroke, ECST needed 20 operations and NASCET 11. For patients with 70-79%,80-89% or 90-99% carotid stenosis in the NASCET subgroup analysis, only eight, six or four operations, respectively, would be required to prevent an ipsilateral stroke.
The influence of risk factors on the prognosis of severe carotid stenosis NASCET performed subgroup analyses on three risk groups of approximately equal size according to a simple count of commonly recognized risk factors with the use of arbitrary cut-off points. These were age (> 70 years), sex (male), systolic blood pressure (> 160 mmHg), diastolic blood pressure (> 90 mmHg), time since last event « 31 days), type of prior cerebrovascular events (stroke versus transient ischaemic attack), degree of stenosis (> 80%), presence of ulceration on the angiogram and a history of smoking, hypertension, myocardial infarction, congestive heart failure, diabetes, intermittent claudication, or high blood lipid levels. The cut-off points were chosen in advance and not derived through analysis of the data.
For a low-risk group (zero to five risk factors), 17% of control patients experienced an ipsilateral stroke within two years, for a moderate risk group (six risk factors), an ipsilateral stroke occurred within the same time limit for 23% of controls, and for a high-risk group (more than seven risk factors) the corresponding proportion was 39%. This difference was highly statistically significant (p < 0.001). The prognosis for the surgically treated patients did not vary significantly and averaged 9% after two years. An estimation, based on the published data, would suggest that only three operations might be necessary to prevent an ipsilateral stroke for the high-risk group, seven for the moderate risk group and 13 for the low-risk group.
Possiblecauses for the differences in quantitative outcome between ECST and NASCET The most important difference between the two trials is probably the method used to determine the preoperative degree of stenosis. Because a 70% stenosis in NASCET corresponds to a degree of about 80% in ECST, the patient group in NASCET has more severe atherosclerotic carotid disease than the corresponding ECST patient group. Data in NASCET suggest that the risk for a future stroke in the non-operated control group is related to the degree of stenosis. Control patients in NASCET may consequently have had a more severe prognosis than those in ECST; if surgery were equally effective in the two trials, the difference between operated patients and controls would then be greater and more easy to detect.
Secondly, the perioperative morbidity and mortality was lower in NASCET than in ECST (5.5% v 7.5%), which may reflect the fact that American surgeons were, in general, more experienced with carotid endarterectomy ( Table 2 ). The selection of surgeons in NASCET was based on a review of the last 50 carotid endarterectomies performed within the previous 24 months in centres that demonstrated a 30-day postoperative stroke and death rate of < 6%.
Thirdly, the NASCET study protocol allowed only four months between the qualifying events (transient ischaemic attack, minor stroke or retinal ischaemia) and randomization, while ECST permitted six months. As patients with a high risk of recurrent stroke may have had a major event early if they were not operated on, it is more likely that these patients were included in NASCET than in ECST.
Some other divergence between the study protocols is unlikely to have contributed to the differences in outcome, including the fact that inclusion and exclusion criteria were more detailed in NASCET than in ECST. In contrast to ECST, in which centres were free to define their own 'grey area of uncertainty', all centres in NASCET had to accept to randomize patients with 30-99% stenosis. Aspirin 1300 mg/day was recommended for medial secondary prevention in NASCET; in ECST each centre was free to define their own medical policy (e.g. warfarin, aspirin or aspirin-dipyridamole) as long as the treatment intention was the same in the operated group and in the control group.
Balance of risks, benefits and costs of carotid endarterectomy
A comparison between the ECST and NASCET results, as well as some subgroup data from NASCET, indicate that we may influence the balance of risks versus benefits of carotid endarterectomy by determining the criteria which indicate which patients should be operated on.
One extreme attitude would be to operate only on patients with 9(}-99% stenosis according to NASCET's definition. The balance of risk versus benefits would then be very favourable; the number of strokes caused by the operation related to the number of strokes prevented would be about 14%, and one ipsilateral stroke would be prevented for every fourth endarterectomy. If one operation (including preoperative examinations) is estimated to cost £5000 and the average hospital care costs for a stroke patient is £28 000, the health service would save £200 000 on every 100 operations performed.
If relatively milder degrees of stenosis were included, as defined for the ECST 7(}-99% group, the number of strokes caused by the operation related to the number prevented would be 44%, and one stroke would be prevented for every tenth operation. With this arrangement, carotid endarterectomy would instead cost somewhat more than £200 000 for every 100 operations.
It is difficult to balance the different ethical and economical aspects of carotid endarterectomy, but it is a matter for everyone involved in the management of carotid atherosclerosis to consider and discuss. Because carotid endarterectomy is a preventive operation, the majority of the inter-. ventions (75% of the NASCET patients and 83% of the ECST patients) were 'unnecessary' in the sense that the patients would not in any case have experienced a new stroke, at least during the following two years.
The responsible referring neurologist or internist must be sure that the criteria for selection of patients ensures that a sufficient risk reduction
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can be expected, and that the risk of complications during surgery is minimized.
Organization of centres for carotid surgery
It is clear that carotid surgery should be organized in major centres with a team of specialists involved in the selection and the operation of patients as well as in their follow-up. This multidisciplinary team should cooperate to provide the competence necessary for responsible management of carotid surgery patients.
Quality control of carotid endarterectomy is essential, as the operation risk needs to be under constant independent monitoring and the followup should be in the hands of a non-operating team member. Complications due to angiography must clearly be included in the quality control. In Sweden, a national quality assurance committee for carotid surgery is planned with a registry of all operations and all complications occurring.
How many centres should be involved in carotid surgery? In Sweden (8.5 million inhabitants) 10 centres now operate on more than 15 patients annually. This volume is probably too small for maintaining adequate surgical competence. Depending on the selection criteria for carotid surgery, 50(}-1000 patients per year may be expected; about 10 operating centres would then be optimal. It has been pointed out in the discussion of the NASCET report and in many comments during the last year,54,57 that the beneficial results of ECST and NASCET can be easily negated if the number of operative or angiographic complications increases even moderately. A most worrying perspective today is that the good news about carotid endarterectomy may encourage surgeons, without much experience in the~ie~d and without a network of collaborating specialists, to operate on a few patients a year.
A practical approach
Although many aspects remain open to discussion including how carotid endarterectomy should be organized and which patients should be operated on, the practical approach taken by many centres seems to be as follows: 1) Patients who have experienced a transient ischaemic attack or a minor ischaemic stroke, consistent with the carotid artery area,55 or retinal ischaemia, should be examined with carotid duplex ultrasound in order to detect any carotid stenosis. 2) If a stenosis of at least 70% is found on the relevant side, the patient should be referred to a centre for carotid endarterectomy. 3) A neurological evaluation by a member of the carotid team, a cardiological examination when indicated, and a subsequent arch or selective common carotid angiography should form the basis for a final decision by the carotid team as to whether or not surgery is indicated. 4) After surgery, the patient should undergo repeated neurological evaluation.
Ongoing trials
ECST and the NASCET are still recruiting patients with 30-69% symptomatic stenosis. The Asymptomatic Carotid Atherosclerosis Study (ACAS)56 is a prospective, multicentre, randomized clinical trial to determine whether the addition of carotid endarterectomy to aspirin and risk factor modification reduce the incidence of ipsilateral transient ischaemic attack and retinal and cerebral infarction in patients with asymptomatic carotid stenosis. This study is organised in 37 centres in the USA. JF Toole, Department of Neurology, Bowman Gray School of Medicine, Wake Forest University, Winston-Salem, NC, USA, is principal investigator. The trial is scheduled to continue until February 1997.
It is indeed very important that recruitment to these trials continues.s? as the question as to whether patients with 30-69% symptomatic stenosis and patients with asymptomatic stenosis would benefit from surgery remains unresolved.
Concluding remarks
Carotid endarterectomy has proved to have an important role in the prevention of cerebrovascular disease. The results from the two large trials discussed in this review are encouraging for everyone involved in stroke care. However, it is absolutely essential that patients are selected strictly according to defined criteria and that all efforts are made to control and reduce the risk of perioperative morbidity. Carotid endarterectomy should not be performed without independent quality monitoring.
